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DETAILED ACTION 
Response to Amendment 

1 . This office action is responsive to Applicants amendment received on June 16, 
2006. 

2. The objections to the claims and specification have been withdrawn due to 
Applicants amendment. 

3. Applicant's arguments filed on June 13, 2006 have been fully considered but they 
are not persuasive. 

Claim Rejections - 35 USC § 102 

1 . The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(e) the invention was described in (1) an application for patent, published under section 122(b), by 
another filed in the United States before the invention by the applicant for patent or (2) a patent 
granted on an application for patent by another filed in the United States before the invention by the 
applicant for patent, except that an international application filed under the treaty defined in section 
351 (a) shall have the effects for purposes of this subsection of an application filed in the United States 
only if the international application designated the United States and was published under Article 21(2) 
of such treaty in the English language. 

2. Claims 1-26 are rejected under 35 U.S.C. 102(e) as being anticipated by Nambu, 
US 6,801,626. 

In claim 1, Nambu discloses a quantum cryptographic system comprising: 
at least one sending unit comprising an encoder and configured to distribute a 
raw key in the quadrature components of quantum coherent states that are continuously 
modulated in phase and amplitude (abstract; col. 1, lines 14-48; col. 3, lines 24-65; col. 

4. line 63 - col. 5. line 44); 



Application/Control Number: 1 0/61 5,490 Page 3 

Art Unit: 2137 

at least one receiving unit comprising a homodyne detector of the quantum 
coherent states in order to measure the quadrature components of the states (abstract; 
col. 1 . lines 14-48; col. 3, lines 24-65; col. 4. line 63 - col. 5. line 53); 

a quantum channel for connecting the sending unit to the receiving unit (col. 1, 
lines 14-48); and 

a two-way authenticated public channel for transmitting non-secret messages 
between the sending unit and the receiving unit (col. 1, lines 14-48; col. 4, line 63 - col. 
5, line 53). 

In claim 2, Nambu discloses the quantum cryptographic system of claim 1, 
further comprising a continuous-variable quantum key distribution protocol ensuring that 
the amount of infomnation a potential eavesdropper may gain at most on the sent and 
received data can be estimated from the measured parameters of the quantum channel 
(error rate and line attenuation) (col. 1, lines 14-48; col. 4. lines 4-42; col. 4, line 63 - 
col. 5, line 53). 

In claim 3, Nambu discloses the quantum cryptographic system of claim 2, 
wherein the sent and received raw data resulting from the continuous-variable protocol 
are converted into a secret binary key by using a continuous reconciliation protocol 
supplemented with privacy amplification (col. 1, lines 14-48; col. 2. lines 32-57; col. 4, 
lines 4-42; col. 4, line 63 - col. 5, line 53). 

In claim 4, Nambu discloses the quantum cryptographic system of claim 1 , 
wherein the encoder of the quadrature components with a high signal-to-noise ratio 
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encodes several key bits per coherent light pulse (col. 4, lines 4-42; col. 4, line 63 - col. 
5, line 53). 

In claim 5, Nambu discloses the quantum cryptographic system of claim 1, 
wherein the decoding of the quadrature components of the light field via the homodyne 
detector achieves high secret bit rates in comparison to photon-counting techniques 
(col. 4, line 63 - col. 5. line 53). 

In claim 6, Nambu discloses the quantum cryptographic system of claim 3, 
wherein the continuous reconciliation protocol is a direct reconciliation protocol, which 
allows the receiver to discretize and correct its data according to the sent values, in 
case of noisy quantum channels with low losses (col. 1 , lines 14-48; col. 4, lines 4-42; 
col. 2, lines 32-57). 

In claim 7, Nambu discloses the quantum cryptographic system of claim 3, 
wherein the continuous reconciliation protocol is a reverse reconciliation protocol, which 
allows the sending unit to discretize and correct its data according to the values 
measured by the receiver, in case of quantum channels with an attenuation that 
exceeds 3 dB (col. 1, lines 14-48; col. 4. lines 4-42; col. 2, lines 32-57). 

In claim 8, Nambu discloses the quantum cryptographic system of claim 3, 
wherein the secret key is used as a private key for ensuring confidentiality and 
authentication of a cryptographic transmission (col. 2, lines 32-57). 

In claim 9, Nambu discloses the quantum cryptographic system of claim 1 , 
wherein the quadrature components of the quantum coherent states are modulated with 
a Gaussian distribution (col. 9, line 60 - col. 1 1 , line 12). 
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In claim 10, Nambu discloses the quantum cryptographic system of claim 9, 
wherein the co-ordinate values of the center of the Gaussian distribution are arbitrary 
(col. 9, line 60 - col. 1 1 , line 1 2). 

In claim 11. Nambu discloses the quantum cryptographic system of claim 9, 
wherein the variance of the Gaussian distribution for the quadrature X is different from 
the variance of the Gaussian distribution for the conjugate quadrature P (col. 9, line 60 - 
col. 11. line 12). 

In claim 12, Nambu discloses the quantum cryptographic system of claim 9, 
wherein the Gaussian-modulated coherent states are attenuated laser light pulses 
typically containing several photons (abstract; col. 4, line 63 - col. 5, line 53; col. 9, line 
60 -col. 11. line 12). 

In claim 13. Nambu discloses the quantum cryptographic system of claim 12, 
wherein the information an eavesdropper may gain on the sent and received Gaussian- 
distributed values are calculated explicitly using Shannon's theory for Gaussian 
channels (col. 2, line 32-57; coL 6, line 34 - col. 7, line 6; col. 9, line 60 - col. 1 1 , line 
12). 

In claim 14, Nambu discloses a method of distributing continuous quantum key 
between two parties which are a sender and a receiver, the method comprising: 

selecting, at a sender, two random numbers xa and pa from a Gaussian 
distribution of mean zero and variance VaNq, where No refers to the shot-noise variance 
(col. 9, line 60 -col. 11, line 12); 
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sending a corresponding coherent state |xa +ipA > in the quantum channel (col. 4, 
line 63 - col. 5, line 53); 

randomly choosing, at a receiver, to measure either quadrature x or p using 
homodyne detection (col. 4, line 63 - col. 5, line 53; col. 6, line 34 - col. 7, line 6; col. 9, 
lines 36-59); 

informing the sender about the quadrature that was measured so the sender may 
discard the wrong one (col. 2, lines 32-57); 

measuring channel parameters on a random subset of the sender's and 
receiver's data, in order to evaluate the maximum information acquired by an 
eavesdropper (col. 2, lines 32-57; col. 4, lines 4-42); and 

converting the resulting raw key in the form of a set of correlated Gaussian 
variables into a binary secret key comprising direct or reverse reconciliation in order to 
correct the errors and get a binary key, and privacy amplification in order to make secret 
the binary key (col. 2, lines 32-57; col. 4, lines 4-42; col. 9, line 60 - col. 1 1 , line 1 2). 

In claim 15, Nambu discloses the method of claim 14, wherein the reconciliation 
produces a common bit string from correlated continuous data, which comprises the 
following: 

transfonning each Gaussian key element of a block of size n by the sender into a 
string of m bits, giving m bit strings of length n, referred to as slices (col. 4, line 63 - col. 
5, line 53; col. 9, line 60 - col. 11, line 12); 

converting, by the receiver, the measured key elements into binary strings by 
using a set of slice estimators (col. 4, line 63 - col. 5, line 53; col. 9, lines 36-59); and 
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sequentially reconciliating the slices by using an implementation of a binary error 
correction algorithm, and communicating on the public authenticated channel (col. 2, 
lines 32-57; col. 7, lines 7-14). 

In claim 16, Nambu discloses the method of claim 14, wherein the post- 
processing of privacy amplification comprises distilling a secret key out of the 
reconciliated key by use of a random transfomriation taken in a universal class of hash 
functions (col. 2, lines 32-57; col. 4, lines 4-42). 

In claim 17, Nambu discloses a device for implementing a continuous-variable 
quantum key exchange, the device comprising: 

a light source or a source of electromagnetic signals configured to generate short 
quantum coherent pulses at a high repetition rate (col. 4, line 63 - col. 5, line 53); 

an optical component configured to modulate the amplitude and phase of the 
pulses at a high frequency (col. 3, lines 24-65; col. 4, line 63 - col. 5, line 53); 

a quantum channel configured to transmit the pulses from an emitter to a 
receiver (col. 4, line 63 - col. 5, line 53); 

a system that permits the transmission of a local oscillator from the emitter to the 
receiver (col. 4, line 63 - col. 5, line 53; col. 7, lines 7-49); 

a homodyne detector capable of measuring, at a high acquisition frequency, any 
quadrature component of the electromagnetic field collected at the receiver's station 
(col. 4. line 63 - col. 5, line 53); 
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a two-way authenticated. public channel that is used to communicating non-secret 
messages in postprocessing protocols (col. 1, lines 14-48; col. 4, line 63 - col. 5, line 
53); and 

a computer at the emitter's and receiver's stations that drives or reads the optical 
components and runs the postprocessing protocols (col. 4, line 63 - col. 5, line 53; col. 
8, line 39 - col. 9, line 59). 

In claim 18, Nambu discloses the device of claim 17, wherein a local oscillator is 
transmitted together with the signal by use of a polarization encoding system whereby 
each pulse comprises a strong local oscillator pulse and a weak orthogonally-polarized 
signal pulse with modulated amplitude and phase (col. 2, lines 10-31; col. 3, lines 24-65; 
col. 4, line 63 - col. 5, line 53). 

In claim 19, Nambu discloses the device of claim 18, wherein if polarization 
encoding is used, the receiving system relies on polarization-mode homodyne detection 
requiring a quarter-wave plate and a polarizing beam splitter (col. 2, lines 10-31; col. 3, 
lines 24-65; col. 4, line 63 - col. 5, line 53). 

In claim 20, Nambu discloses the device for exchanging Gaussian key elements 
between two parties which are a sender and a receiver, the device comprising: 

a laser diode associated with a grating-extended external cavity, the laser diode 
configured to send light pulses at a high repetition rate, each pulse typically containing 
several photons (col. 4, line 63 - col. 5, line 53; col. 7, lines 7-28); 

an integrated electro-optic amplitude modulator and a piezoelectric phase 
modulator, configured to generate randomly-modulated light pulses, the data being 
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organized in bursts of pulses (col. 3, lines 24-65; col. 4, line 63 - col. 5, line 53; col. 7, 
lines 7-28); 

a beam-splitter to separate the quantum signal from a local oscillator (col. 8, line 
39 - col. 9, line 22); and 

a homodyne detector combining the quantum signal and local oscillator pulses in 
order to measure one of the two quadrature components of the light field (col. 8, line 39 
- col. 9, line 22). 

In claim 21, Nambu discloses the device of claim 20, further comprising an 
acquisition board and a computer on the sender's and receiver's sides in order to run 
the post-processing protocols (col. 4, line 63 - col. 5. line 53; col. 8. line 39 - col. 9, line 
59). 

In claim 22, Nambu discloses the device of claim 20, wherein the laser operates 
at a wavelength comprised between about 700 and about 1600 nm (col. 7, lines 7-28). 

In claim 23, Nambu discloses the device of claim 20, wherein the laser operates 
at a wavelength comprising telecom wavelengths between about 1540 and about 1580 
nm (col, 7, lines 7-28). 

In claim 24, Nambu discloses the method of claim 14, wherein infonning the 
sender comprises utilizing a public authenticated channel by the receiver to inform the 
sender (col. 1, lines 14-48; col. 4, line 63 - col. 5, line 53). 

In claim 25, Nambu discloses the method of claim 14, wherein the channel 
parameters include an error rate and a line attenuation (col. 2, lines 10-57; col. 4, lines 
4-42; col. 7, lines 7-49). 
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In claim 26, Nambu discloses the device of claim 17, additional comprising: 

means for selecting, at a the emitter, two random numbers xa and Pa from a 
Gaussian distribution of mean zero and variance VaNq, where No refers to the shot- 
noise variance (col. 9, line 60 - col. 11, line 12); 

means for sending a corresponding coherent state |xa +ipA > in the quantum 
channel (col. 4, line 63 - col. 5, line 53); 

means for randomly choosing, at the receiver, to measure either quadrature x or 
p using homodyne detection (col. 4, line 63 - col. 5, line 53; col. 6, line 34 - col. 7, line 
6; col. 9, lines 36-59); 

means for informing the emitter about the quadrature that was measured so the 
emitter may discard the wrong one (col. 2, lines 32-57); 

means for measuring channel parameters on a random subset of the emitter's 
and receiver's data, in order to evaluate the maximum information acquired by an 
eavesdropper (col. 2, lines 32-57; col. 4, lines 4-42); and 

means for converting the resulting raw key in the form of a set of correlated 
Gaussian variables into a binary secret key comprising direct or reverse reconciliation in 
order to correct the errors and get a binary key, and privacy amplification in order to 
make secret the binary key (col. 2, lines 32-57; col. 4. lines 4-42; col. 9, line 60 - col. 
11, line 12). 

In claim 27, Nambu discloses the method of claim 14, wherein the sending 
comprises sending the corresponding coherent state |xa +ipA > that is continuously 
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modulated in phase and amplitude in the quantum channel (abstract; col. 3, lines 24-65; 
col. 4, line 63 - col. 5, line 53). 

In claim 28, Nambu discloses the method of claim 17, wherein the light source or 
the source of electromagnetic signals comprises the light source or the source of 
electromagnetic signals configured to generate, at a high repetition rate, short quantum 
coherent light pulses that contain many photons and are continuously modulated in 
phase and amplitude (abstract; col. 3, lines 24-65; col. 4, line 63 - col. 5, line 53). 

In claim 29, Nambu discloses the method of claim 20, wherein each light pulse 
sent by the laser diode contains several photons and is continuously modulated in 
phase and amplitude (abstract; col. 3, lines 24-65; col. 4, line 63 - col. 5, line 53; col. 7, 
lines 7-28). 

Response to Arguments 
3. Regarding claims 1-29, Applicant basically argues the invalidity of Nambu to 
claims 1, 14, 17, and 20 and states the remaining dependent claims are also allowable. 

As to claim 1 , Applicant argues "[t]he continuous modulation in phase and 
amplitude... is in direct contrast to the discrete modulation used in the network of 
Nambu." Examiner contends Nambu discloses continuous phase and amplitude 
modulation (col. 3, lines 24-65; col. 4, line 63 - col. 5, line 44). In col. 3, lines 44-46, 
Nambu provides "[t]he light pulse is modulated by a phase modulator so that information 
bits "0" and "1" are encoded into 0 degree and 180 degree phase shift..." The change 
in bit is significant enough to create a change in amplitude of the signal, while the phase 
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modulator creates a modulation in phase. Therefore, Nambu does disclose this 
limitation. 

In response to applicants argument that the references fail to show certain 
features of applicant's invention, it is noted that the features upon which applicant relies 
(i.e., "continuous" can refer to real number being encoded) are not recited in the 
rejected claim(s). Although the claims are interpreted in light of the specification, 
limitations from the specification are not read into the claims. See In re Van Geuns, 988 
F.2d 1181, 26 USPQ2d 1057 (Fed. Cir. 1993). 

As to claim 14, Applicant argues that Nambu does not disclose "the selection of 
two random numbers xa and pa from one Gaussian probability distribution in order to 
generated from these two numbers a corresponding coherent state |xa +ipA > that is 
sent to a receiver." Examiner contends othenA/ise. In col, 10, lines 18-33, Nambu 
discloses two random numbers are selected (ai, Bz) from a Gaussian distribution to 
generate a state such as |a> sent to a receiver. Since they are received by the receiver, 
the two numbers must have been selected. Further, in col. 11, lines 5-12, Nambu 
provides that "[t]he legitimate sender and receiver are thus guaranteed to share a 
random bit sequence of the same bit pattern safely that is exclusively composed of 
orthogonal pairs of the first and second quantum states..." Therefore, since the sender 
and receiver share the random bit sequence, the sender must have selected the 
sequence for the receiver. 

As to claims 17 and 20, the argument regarding amplitude modulation has been 
discussed in claim 1 above and the same reasoning follows. 
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Conclusion 



4. THIS ACTION IS MADE FINAL. Applicant is reminded of tlie extension of time 
policy as set forth in 37 CFR 1 .1 36(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within 
TWO MONTHS of the mailing date of this final action and the advisory action is not 
mailed until after the end of the THREE-MONTH shortened statutory period, then the 
shortened statutory period will expire on the date the advisory action is mailed, and any 
extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of 
the advisory action. In no event, however, will the statutory period for reply expire later 
than SIX MONTHS from the mailing date of this final action. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Jaric Loving whose telephone number is (571) 272- 
1686. The examiner can normally be reached on Monday-Friday. 

if attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Emmanuel Moise can be reached on (571) 272-3865. The fax phone 
number for the organization where this application or proceeding is assigned is 571- 
273-8300. 
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Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status infomriation for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 
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